e Nonpigmented and late-pigmenting rapidly growing mycobacteria (RGM) have been reported to commonly colonize water production and distribution systems. However, there is little information about the nature and distribution of RGM species within the different parts of such complex networks or about their clustering into specific RGM species communities. We conducted a large-scale survey between 2007 and 2009 in the Parisian urban tap water production and distribution system. We analyzed 1,418 water samples from 36 sites, covering all production units, water storage tanks, and distribution units; RGM isolates were identified by using rpoB gene sequencing. We detected 18 RGM species and putative new species, with most isolates being Mycobacterium chelonae and Mycobacterium llatzerense. Using hierarchical clustering and principal-component analysis, we found that RGM were organized into various communities correlating with water origin (groundwater or surface water) and location within the distribution network. Water treatment plants were more specifically associated with species of the Mycobacterium septicum group. On average, M. chelonae dominated network sites fed by surface water, and M. llatzerense dominated those fed by groundwater. Overall, the M. chelonae prevalence index increased along the distribution network and was associated with a correlative decrease in the prevalence index of M. llatzerense, suggesting competitive or niche exclusion between these two dominant species. Our data describe the great diversity and complexity of RGM species living in the interconnected environments that constitute the water production and distribution system of a large city and highlight the prevalence index of the potentially pathogenic species M. chelonae in the distribution network. N onpigmented and late-pigmenting rapidly growing mycobacteria (RGM) are ubiquitous in soil and water environments (1-6). Most are harmless saprophytes, but some, such as Mycobacterium chelonae and Mycobacterium abscessus, are opportunistic pathogens that are causing increasing concern (7-9). Potentially pathogenic RGM are associated with a wide spectrum of diseases in humans, including pulmonary tract, skin, soft tissue, and disseminated infections (10-14), mostly in patients with predisposing conditions (e.g., lung diseases, chronic obstructive pulmonary disease, cystic fibrosis, genetic predisposition, or immunosuppressive therapy). Contamination and hypersensitive reactions are often due to environmental exposure (associated with, for example, hot tubs, metalworking fluids, or contaminated dust) (15-19), and many outbreaks following invasive medical procedures have been reported over the last decade (20-25). Tap water may be an important source of contamination in urban environments (13, 18, (26) (27) (28) (29) (30) .
N
onpigmented and late-pigmenting rapidly growing mycobacteria (RGM) are ubiquitous in soil and water environments (1) (2) (3) (4) (5) (6) . Most are harmless saprophytes, but some, such as Mycobacterium chelonae and Mycobacterium abscessus, are opportunistic pathogens that are causing increasing concern (7) (8) (9) . Potentially pathogenic RGM are associated with a wide spectrum of diseases in humans, including pulmonary tract, skin, soft tissue, and disseminated infections (10) (11) (12) (13) (14) , mostly in patients with predisposing conditions (e.g., lung diseases, chronic obstructive pulmonary disease, cystic fibrosis, genetic predisposition, or immunosuppressive therapy). Contamination and hypersensitive reactions are often due to environmental exposure (associated with, for example, hot tubs, metalworking fluids, or contaminated dust) (15) (16) (17) (18) (19) , and many outbreaks following invasive medical procedures have been reported over the last decade (20) (21) (22) (23) (24) (25) . Tap water may be an important source of contamination in urban environments (13, 18, (26) (27) (28) (29) (30) .
RGM are commonly recovered from water treatment and distribution systems (31) (32) (33) (34) (35) (36) (37) (38) , probably because they can form biofilms (2, (39) (40) (41) and resist chlorination and oligotrophic conditions (42, 43) . Mycobacterium chelonae and Mycobacterium fortuitum were the species most frequently detected in previous studies (31, 34, 35, 40, 44) . However, those previous studies involved only a small number of samples collected from a limited part of the water system considered and provided only qualitative information. Most of these studies addressed specifically RGM, and few used molecular methods allowing an accurate identification of isolates to the species level (e.g., rpoB or hsp65 gene sequencing) (31, 34, 40, 44) . Thus, although there are many reports of RGM detection in water treatment and distribution systems, there are no rigorous and quantitative descriptions of the diversity and spatial distribution of RGM species within these complex systems and no robust information about their clustering into communities.
Le Dantec et al. (44) reported a survey conducted in 2000 to 2001 and analyzed the occurrence of nontuberculous mycobacteria (NTM) in the southern part of the Paris urban water system. NTM detection rates were found to differ between two water treatment plants and to increase along the distribution network. However, nearly 55% of the NTM isolates were not identified to the species level, and only three RGM species were detected: M. chelonae, M. fortuitum, and Mycobacterium peregrinum. This study included only one-third of the distribution units and did not include a data set representative of proximal parts of the Parisian distribution network. Also, the small number of samples prevented statistical analysis.
We report a large-scale systematic survey of RGM in the Parisian water treatment and distribution system, using an rpoB-based identification method (45, 46) .
We specifically addressed the following questions. (i) What is the prevalence index of RGM in different parts of the network? (ii) What RGM species are present within the network, and what is the prevalence index of each? (iii) Do some RGM species accumulate in particular parts of the network, and is there a significant link between these groups of species and the origin of the water (groundwater or surface water)?
We also tested the validity of hypotheses and results from previous small-sample studies by using an extensive sampling procedure to calculate a statistical index of RGM prevalence, allowing reliable comparisons.
MATERIALS AND METHODS
The Parisian drinking water supply system. Both surface water and groundwater feed the Parisian water treatment and distribution system (Fig. 1) . Two of the three surface water treatment plants are fed by the Seine river (plants W and Y), and one is fed by the Marne river (plant X). The treatment process differs between plants: (i) plant W uses preozonation, coagulation flocculation settling, rapid sand filtration, ozonation, filtration through granular activated carbon, and chlorination, and (ii) plants X and Y use preozonation, contact coagulation on biolite, rapid sand filtration, slow sand filtration, ozonation, filtration through granular activated carbon, and chlorination. The groundwater, carried by three aqueducts, comes from several springs in catchment areas 150 km south of Paris (aqueducts A and 〉) and 175 km west of Paris (aqueduct C). It is filtered through granular activated carbon and then chlorinated (aqueducts A and B) or treated with powdered activated carbon and then chlorinated and subjected to ultrafiltration (aqueduct C).
The treated water is stored in tanks with a storage capacity of 90,000 to 200,000 m 3 . The water generally remains in these tanks for about 2 to 3 days. There are nine storage tanks (tanks T1 to T9), which are supplied with either groundwater (tanks T1 and T4), surface water (tanks T5 to T9), or both (tanks T2 and T3) (see Fig. SA1 in the supplemental material for the detailed network topology).
Upon release from storage, the water flows into the water distribution system (ϳ1,600 km of cast-iron pipelines), where the average residence time is 6 h. This network is divided into 16 areas of homogeneous water origins, known as "distribution units" (Fig. 1) . We studied 15 distribution units (units D1 to D15) for which the water origin is clearly known.
Sampling protocol and locations. Water samples were collected monthly from 36 points in the production (plants W, X, and Y and aqueducts A, B, and C), storage (tanks T1 to T9), and distribution (units D1 to D15) systems (see Table SA1 and Fig. SA1 in the supplemental material). At plants, samples were collected immediately following each of the following treatment steps: ozonation, granular activated carbon filtration, and chlorination. Samples from aqueducts were collected after chlorination. Water from storage tanks was collected at the tank exits. Water from the distribution system (2 to 4 sampling sites per distribution unit) was sampled from the drinking network pipes. In total, 1,418 water samples were collected during the 3-year study period: 325 samples from the production system (plants and aqueducts), 246 samples from the storage system (tanks), and 847 samples from the distribution system, corresponding to an average of 39 samples for each sampling site (i.e., 1 sample per month on average).
RGM culture and isolation from water samples. Water samples were collected into sterile bottles and processed within 12 h of collection. Samples were treated as previously described (44) . A 1-liter volume of collected water was filtered through a 0.45-m-pore-size cellulose membrane (Millipore). The membrane was immersed in 10 ml of the same water sample, sonicated for 10 min, and then decontaminated by the addition of sodium lauryl sulfate to 3% and NaOH to 1%. After neutralization, bacteria were concentrated by centrifugation, and equal volumes were used to inoculate each of six Löwenstein-Jensen and Coletsos agar slants. Cultures were incubated at 30°C and 37°C and examined three times during the first week and then weekly for 2 months. Suspected RGM colonies were streaked for isolation on agar slants and then stained by the Kinyoun-modified Ziehl-Neelsen method. Acid-fast bacteria yielding nonpigmented colonies in Ͻ7 days were subjected to rpoB sequencing (see below).
rpoB-based identification. Partial rpoB sequencing was performed as described previously (47) . A total of 98% of tested isolates could be amplified by PCR, and every amplified DNA could be analyzed by sequencing. BLAST was used to compare sequences with a local bank of NTM rpoB sequences extracted from GenBank. RGM species identification was based on an identity threshold of 97%, as described by Adekambi et al. (48) (49) (50) . Sequences displaying Ͻ97% identity with any known RGM sequence were considered to be new rpoB RGM sequence types (labeled ParisRGMnew with a specific code number).
Alignments and phylogenetic analysis. The website http://www .phylogeny.fr/ was used for phylogenetic analyses (51) . MUSCLE (http: //www.drive5.com/muscle/) was used to align rpoB sequences, and a conserved stretch of 567 bp was selected with Gblocks (52) . A representative set of RGM rpoB sequences was chosen for alignment and tree construction (Table 1) . A distance tree was constructed by the neighbor-joining method with 1,000 bootstrap replicates and the Kimura 2-substitution model. Similar results were obtained with the maximum likelihood method.
Prevalence index. For each 1-liter sample collected from the network, the RGM culture and isolation method (see above) provided a binomial response for all RGM species grouped together (or for each species individually): 0 when no RGM was detected and 1 when RGM were detected. These binomial variables were analyzed with generalized linear models (GLMs) to estimate the RGM detection probability: the estimated probability (0 to 1) of detecting RGM (or a particular RGM species) in a 1-liter sample of water. This estimation method was used rather than directly computing the proportion of positive samples (the number of positive samples divided by the total number of samples studied) for the following two reasons. (i) It provides unbiased estimators of the detection probabilities, which is not always the case if the proportion of positive samples is used, especially when the samples are not all independent. In such a situation, generalized linear mixed models (GLMMs) should be applied to provide unbiased estimators by taking into account the nonindependence of the samples, for example, those collected at the same sampling location.
(ii) GLM and GLMM both provide reliable estimators of the RGM detection probability and their associated 95% confidence intervals (CIs); such confidence intervals are required for a statistically valid comparison of the prevalence index between sampling locations (8, 53) . The prevalence index was calculated from the results of the isolation and identification of RGM at each site. Each individual RGM isolation is not in itself quantitative, but repeated isolation analyses at each sampling site can be considered repeated random sampling, allowing statistical estimation of the RGM detection probability (here called the "prevalence index"). This prevalence index is not the same as a proportion, usually measured as the number of positive samples divided by the total number of samples studied and expressed as a percentage.
Prevalence indexes were estimated by using generalized linear models (GLM function of R [54] , link ϭ logit) ( Fig. 2A) or generalized mixed linear models (GLMM PQL function of the MASS library [55] , link ϭ logit) (Fig. 2B ) fitted to the binomial data for the presence or absence of RGM in 1-liter samples. We used mixed models to estimate the mean prevalence index in the whole network. Location in the network (production, plant, storage, or distribution) was used as the random effect (56) . These models provide unbiased estimates of prevalence values with their 95% CIs for the network as a whole or for each position in the network, depending on the analysis. This approach was applied to all RGM species considered together or to each RGM species independently. Two prevalence values were considered to differ significantly from each other if their 95% CIs did not overlap. The estimated detection probabilities are referred to as prevalence indexes.
Hierarchical clustering. We identified putative groups of RGM species and estimated the distances between them at the different collection sites by applying hierarchical clustering to a distance matrix built as follows. We estimated the prevalence index of each species at each of the 36 collection sites with a binomial linear model, as described above. We included the 12 most prevalent species for the cluster analysis and excluded sampling points with fewer than six identified isolates (four sampling points, all at water treatment plants, were thus excluded). This prevalence index matrix was then used for the cluster analysis (pvclust function, with the average method and correlation distance) (57) . This generated a distance tree, which was used to identify groups of different RGM species assemblages. RGM groups were determined (bootstrap value of Ͼ99%). The hypothesis of overrepresentation of sampling points of surface water or groundwater origin was tested. A binomial test allowed determination of associated P values.
Principal-component analysis. We performed a principal-component analysis (PCA) of the prevalence index matrix (FactoMineR package, PCA function) (58) . Only species occurring more than three times were considered. Correlation coefficients were determined (dimdesc function) with P values of Ͻ5%. Confidence ellipses for each RGM group were calculated (ellipse function) with P values of Ͻ5%.
RESULTS
RGM prevalence. The overall RGM prevalence index at sampling sites was 3.5 to 100% ( Fig. 2A) , with an overall mean value of 72% (95% CI, 40 to 92%) across the whole network. Of the water treatment units, plant W had the lowest RGM prevalence index for all steps of the water treatment process. In each plant, the RGM prevalence was highest after filtration through granular activated carbon. On average, the RGM prevalence index increased from the production unit exits (54% [95% CI, 46 to 62%]) to the tanks (75% [95% CI, 69 to 80%]) and distribution units (96% [95% CI, 94 to 97%]) (Fig. 2) . The RGM prevalence index was significantly lower after the terminal chlorination step for plant W (3.5% [95% CI, 0.2 to 15%]) and plant X (48% [95% CI, 30 to 66%]) ( Fig. 2A) . However, the RGM prevalence indexes in chlorinated water from aqueducts A and B were quite high (90% and 100%, respectively). The RGM prevalence index at three water storage tanks was significantly lower than average (tanks T1, T3, and T4), whereas at two tanks, it was higher (tanks T5 and T6). The mean RGM prevalence index was above 80% for all distribution units ( Fig. 2A ; see also Table SA1 in the supplemental material).
RGM species diversity and prevalence. A total of 643 RGM isolates were recovered from the network; rpoB amplification and sequencing were successful for 630 of them (98%). Eighteen RGM "species" (i.e., displaying an rpoB sequence type differing by at least 3% from any other rpoB sequence) were identified: nine previously described RGM species, one recently described rpoB sequence type (rpoB sequence type NLJvIW_016 [59] ), and eight new RGM rpoB sequence types (ParisRGMnew1 to ParisRGMnew8) ( Fig. 2B and 3) . ParisRGMnew1, ParisRGMnew3, and ParisRGMnew4 were recovered several times from independent water samples. ParisRGMnew1 and ParisRGMnew3 constitute a new group with NLJvIW_016 and ParisRGMnew7 (Fig. 3) . ParisRGMnew4 is close in the rpoB tree to species of the M. fortuitum group (including M. alvei, M. septicum, and M. peregrinum) (Fig. 3) .
M. chelonae and M. llatzerense were by far the most frequently recovered species (average prevalences of 25% and 20%, respectively) (Fig. 2B ). Six other RGM had mean prevalence index values of between 1.5 and 5.3%: M. setense, M. salmoniphilum, M. peregrinum, M. septicum, ParisRGMnew4, and ParisRGMnew1. The other RGM were found at very low frequencies (Ͻ1%) (Fig. 2B) .
RGM species composition groups. Hierarchical cluster analysis identified four groups with specific RGM species compositions within the network (RGM groups 1 to 4) ( Fig. 4A and B) . Group 1 clustered away from the others and comprised all sites at water treatment plants (upstream of the exit). The three other groups included all distribution network sampling sites (production exits and storage and distribution units). The sampling sites for water of groundwater origin were overrepresented in group 2 (P ϭ 0.01), sampling sites for water of mixed origin were overrepresented in group 3 (P ϭ 0.1), and those for surface water were overrepresented in group 4 (P ϭ 0.03). Almost all sampling sites for water of groundwater origin were in group 2, whereas almost all sampling sites for surface water and water of mixed origin were in groups 3 and 4. Thus, RGM species composition allows the description of a limited number of groups that correlate with the origin of the water (groundwater versus surface water) and location in the network (water treatment plants versus distribution units).
Structure of RGM species composition. The RGM species forming the four groups identified by hierarchical clustering anal- ysis and their relationships with RGM species content were further studied by principal-component analysis (PCA) with the same data set. The four groups were clearly distinct (Fig. 5A) . Group 1 was located in the upper right quadrant of Fig. 5A and was associated with sampling sites at water treatment plants. This direction was defined by a specific RGM species group associating M. peregrinum, ParisRGMnew4, and, to a lesser extent, M. septicum (correlation coefficients on the first dimension of 0.59, 0.62, and 0.43, respectively) (Fig. 5B) . Group 2 was located in the upper left quadrant of Fig. 5A and included all sampling sites in the water distribution network of groundwater origin. This direction was characterized by another group of species: M. llatzerense, M. salmoniphilum, and ParisRGMnew3 (correlation coefficients on the first dimension of Ϫ0.69, Ϫ0.54, and Ϫ0.5, respectively) (Fig. 5B) .
Group 3 was located in the center of the map (Fig. 5A ) (mainly sampling sites for water of mixed origin) and thus was not characterized by an RGM species composition differing from that found on average in the water system. Group 4 was in the lower right quadrant of Fig. 5A (mainly sampling sites for water of surface origin). In the first dimension, this direction was defined by the same species as group 1 (i.e., M. peregrinum, ParisRGMnew4, and M. septicum); in the second dimension, this direction was defined by M. chelonae (correlation coefficient, Ϫ0.76) and, to a lesser extent, NLJvIW_016 (correlation coefficient, Ϫ0.4). Interestingly, all but one of the sampling sites of the water distribution network for water of surface origin were located in the lower quadrants (right and left) and were defined by a greater occurrence of M. chelonae and NLJvIW_016.
Thus, M. chelonae and NLJvIW_016 are associated with sam- pling sites fed by surface water, and M. llatzerense, M. salmoniphilum, and ParisRGMnew3 are associated with sampling sites fed by groundwater. This was confirmed by a PCA including only sampling sites in the distribution network (data not shown).
Variations of M. chelonae and M. llatzerense prevalences along the water distribution network. We compared the prevalence values for M. chelonae and M. llatzerense at different levels of the distribution network (water production plants, water production exits, storage tanks, and distribution units) according to water origin (Fig. 6) . At every level of the distribution network, the prevalence index of M. chelonae was higher for sampling sites for water of surface origin than for those for water of groundwater origin; consistently, sampling sites with mixed water origins had an intermediate prevalence. Irrespective of the water origin, the M. chelonae prevalence index increased along the water distribution network, with mean values of between 40 and 45% for distribution units fed by surface water and mixed water, respectively, and around 25% for those fed by groundwater. In contrast, the prevalence index of M. llatzerense was higher for parts fed by groundwater at both the production and storage levels but decreased substantially between the storage and distribution levels to about 25%, a value very similar to that found for parts fed by surface water or mixed water.
To determine if there was a relationship between the presence of M. chelonae and that of M. llatzerense, we plotted variations of their prevalence index estimates for each point which could be univocally linked to an upstream point in the network (Fig. 7) . As expected, the prevalence index of M. chelonae significantly increased with distance along the network (M. chelonae variations significantly higher than 0 on the x axis; P Ͻ 0.05), and this increase was linearly correlated with the decrease of the M. llatzerense prevalence index (Pearson's product-moment correlation [R] ϭ Ϫ0.76 [95% confidence interval, Ϫ0.91, Ϫ0.44]; t 15 ϭ Ϫ4.54; P Ͻ 0.001) (Fig. 7) . Thus, the increase of the M. chelonae prevalence index with progression along the water distribution network was associated with a decline in the M. llatzerense prevalence index, indicating RGM community species rearrangements along the water distribution network.
DISCUSSION
This is the first large-scale survey describing RGM diversity, prevalence, and species composition in an entire water treatment and shown. The greyscale intensity of each rectangle is proportional to the normalized frequency of the RGM species at each sampling point. (B) Hierarchical clustering of RGM species composition found at each sampling point, based on average distance and the correlation calculation method. Bootstrap value calculations were based on 1,000 samplings (all Ͼ99% for the identified RGM groups). Black circles, surface water origin; white circles, groundwater origin; gray circles, mixed origin. Note that four groups are individualized (excluding a single branch representing the aqueduct B production site exit). distribution system. We report the first extensive sampling procedure in the water network of a large city, in this case Paris. This large-scale sampling strategy enabled us to estimate mean RGM detection probabilities and their associated confidence intervals both locally (at each tested location of the water system) and for the entire system. This was done for each species independently and for all RGM grouped together. The resulting estimated RGM prevalence indexes were suitable for reliable comparisons between species and between sampling sites. RGM were ubiquitous (overall prevalence index of Ͼ70%), with a continuous increase along the network to prevalence index values exceeding 95% in the distribution units. The presence of RGM within water production and distribution networks and their increases in the terminal ends of the networks have been reported by studies on NTM as a whole (40, 60) . However, our study specifically focusing on RGM shows that the prevalence index and species diversity are much higher than reported in previous studies. For example, the 2000-2001 study on NTM in the Parisian water network reported only 16% of samples to be RGM positive and the isolation of only three different RGM species (44) . Other studies on NTM in drinking water networks similarly reported no more than three or four RGM species. We detected nine RGM species and possibly eight putative new RGM species on the basis of their rpoB sequences (Ͼ3% divergence from any other rpoB sequence [1] [2] [3] [4] [5] [6] ). Only one of the eight sequences possibly corresponding to putative new RGM species has been reported previously (NLJvIW_016 rpoB sequence [see below]) (37) . We are currently characterizing four of them, NLJvIW_016, ParisRGMnew1, ParisRGMnew3, and ParisRGMnew4, in more detail.
There are various possible reasons why we detected so many RGM species. First, the water system of a large city like Paris may be seen as being composed of different ecosystems that may be associated with specific RGM species communities. Studies focusing on a restricted part of the water system (like all previous studies) are very likely to be subject to strong sampling bias and to fail to detect species that are associated with other parts of the water system. Second, some species were detected at a very low frequency and were detected only because of the large number of isolates analyzed (630 isolates subjected to rpoB sequencing). Previous small-sampling strategies (31, 34, 35, 44) thus gave a biased picture of the RGM community in the water system, underestimating species diversity. Third, recent improvements in molecular identification of RGM allowed us to identify an unprecedented proportion of the isolates by rpoB sequencing and to discover several putative new species (61) .
M. chelonae and M. llatzerense are by far the most prevalent RGM species in the Paris water distribution network. M. chelonae has been found in urban water systems worldwide (38, 39, 59 ), but its prevalence index and spatial distribution have never been estimated. M. llatzerense has been isolated from tap water samples (59, 62) but has not been detected previously in water distribution networks (34, 38, 44, 59) , most probably because this species had not been described at the time when these studies were performed (62) . Consistent with our results, M. peregrinum (2, 31) , M. septicum (31, 35, 37) , and M. salmoniphilum (37, 60, 63) have been isolated from similar water systems. These observations suggest that the RGM species community groups identified in the Parisian water distribution system may be common to other urban water distribution networks. However, differences in water origin, climate, or treatment processes may affect RGM community groups. Indeed, some studies in Mexican, Greek, and South African cities reported very different RGM species communities (31, 35, 64) . Differences in RGM isolation protocols may also contribute to these observed differences.
Our data show clearly that the RGM species present in the water distribution network form two types of communities that are determined by the origin of the water (surface water versus groundwater). This possibility was suggested by the 2000-2001 survey (44) , which described differences between the NTM species detected in the distribution units studied; however, it was not possible to determine whether NTM species compositions where shaped by the production units per se, by the water origin, or by both. Our study clarifies this point and demonstrates, with robust statistics, that water origin is a major factor shaping the structure of RGM communities (M. llatzerense, M. salmoniphilum, and ParisRGMnew3 for units fed with groundwater versus M. chelonae and NLJvIW_016 for those fed with surface water). Our data are consistent with a previous study by van Ingen et al. in the Netherlands, which reported the frequent recovery of M. llatzerense and M. salmoniphilum from household tap water of groundwater origin (37) . The association of M. llatzerense and M. salmoniphilum with groundwater may reflect adaptation to lower temperatures for these species, which have a more psychrophilic profile than other mycobacteria such as M. chelonae and M. fortuitum (62, 63) . Groundwater temperatures are not subject to seasonal variation and are substantially lower than surface water temperatures (13°C on average, with maxima of 15°C, versus 15°C on average, with maxima of 21°C, respectively, in water storage tanks [data not shown]). No "thermophilic" RGM (e.g., species from the M. smegmatis group) were isolated in our survey, consistent with temperature having an influence on the composition of RGM communities. Other biotic and abiotic factors, such as nonmycobacterial microbial flora, treatment parameters, nitrate concentrations, or total organic carbon, which often differ between surface and groundwater, may also be involved. We also observed a tendency of communities to be composed of phylogenetically related species. For example, the species of the community associated with surface water treatment plants, M. septicum, M. peregrinum, and ParisRGMnew4, all belonged to the M. fortuitum phylogenetic group.
The collection of a representative data set from all along the water distribution network (production site exits, water storage tanks, and distribution units) allowed us, for the first time, to track "vertical" changes along the distribution network. Our results demonstrate, with robust statistical support, changes in species composition along a water distribution network, as suggested by the 2000-2001 survey (44) . The most notable feature was the increase of the M. chelonae prevalence index and the parallel decrease of the M. llatzerense prevalence index as water progressed along the network. This could result from the competitive exclusion of M. llatzerense by M. chelonae and/or from changes in environmental conditions (temperature and chlorine concentration, etc.) favoring the development of M. chelonae. The propagation of M. chelonae along the network may involve its particular ability to form biofilms (39, 41) and/or to resist chlorination (42) . Various environmental factors influencing overall RGM presence have been described (65) . We are currently studying physicochemical variables that may influence RGM species composition dynamics, and, more specifically, the adaptive success of M. chelonae, in this water distribution network.
